Variability in colonization of arbuscular mycorrhizal fungi and its effect on mycorrhizal dependency of improved and unimproved soybean cultivars by Salloum, María Soraya et al.
Draft
 
 
 
 
 
 
Variability in colonization of arbuscular mycorrhizal fungi 
and its effect on mycorrhizal dependency of improved and 
unimproved soybean cultivars 
 
 
Journal: Canadian Journal of Microbiology 
Manuscript ID cjm-2016-0216 
Manuscript Type: Article 
Date Submitted by the Author: 04-Apr-2016 
Complete List of Authors: Salloum, Maria Soraya; (a) Instituto Nacional de Tecnología Agropecuaria 
(INTA) Centro de Investigación Agropecuaria – (CIAP), Instituto de 
Fisiología y Recursos Genéticos Vegetales (IFRGV) Camino 60 Cuadras km. 
51/2 Córdoba C.P. 5119. Argentina  
Guzzo, Maria Carla; (a) Instituto Nacional de Tecnología Agropecuaria 
(INTA) Centro de Investigación Agropecuaria – (CIAP), Instituto de 
Fisiología y Recursos Genéticos Vegetales (IFRGV) Camino 60 Cuadras km. 
51/2 Córdoba C.P. 5119. Argentina  
Velazquez, Maria Silvana; Instituto Spegazzini, La Plata, Argentina 
Sagadin, Monica Beatriz; (a) Instituto Nacional de Tecnología Agropecuaria 
(INTA) Centro de Investigación Agropecuaria – (CIAP), Instituto de 
Fisiología y Recursos Genéticos Vegetales (IFRGV) Camino 60 Cuadras km. 
51/2 Córdoba C.P. 5119. Argentina  
Luna, Celina Mercedes; (a) Instituto Nacional de Tecnología Agropecuaria 
(INTA) Centro de Investigación Agropecuaria – (CIAP), Instituto de 
Fisiología y Recursos Genéticos Vegetales (IFRGV) Camino 60 Cuadras km. 
51/2 Córdoba C.P. 5119. Argentina  
Keyword: 
Arbuscular mycorrhizal fungi, Glomeromycota, oxidative stress, 
mycorrhizal dependency, improved and unimproved genotypes 
  
 
 
https://mc06.manuscriptcentral.com/cjm-pubs
Canadian Journal of Microbiology
Draft
Variability in colonization of arbuscular mycorrhizal fungi and its effect on mycorrhizal dependency of 1 
improved and unimproved soybean cultivars 2 
 3 
M. S. Salloum
a
, M.C. Guzzo
a
, M. S. Velazquez
b
, M. B. Sagadin
a
, C.M. Luna
a**
 4 
 5 
(a) Instituto Nacional de Tecnología Agropecuaria (INTA) Centro de Investigación Agropecuaria – 6 
(CIAP), Instituto de Fisiología y Recursos Genéticos Vegetales (IFRGV) Camino 60 Cuadras km. 51/2 7 
Córdoba C.P. 5119. Argentina  8 
 9 
(b) Instituto Spegazzini, La Plata, Argentina 10 
 11 
**Corresponding author 12 
e-mail: luna.celina@inta.gob.ar 13 
Telephone: 0054-0351-4973636 14 
Fax: 0054-0351-4974330 15 
 16 
Abstract 17 
Variability in colonization of an AMF inoculum and in mycorrhizal dependency (MD) was compared 18 
between improved and unimproved soybean genotypes. The morphotaxonomic analysis of mixed native 19 
inoculum isolated from soybean roots, showed spores mostly of the species Funneliformis mosseae. Improved 20 
genotypes DM048 and NA09, named 1 and 2, respectively, and unimproved PI57440 and PI90768, named 3 21 
and 4, respectively, were grown in a chamber under controlled conditions. While no variability in mycorrhizal 22 
colonization was observed in all genotypes at 20 days of inoculation, was evident the presence of arbuscules 23 
only in unimproved genotypes and improved genotype 2, but not in improved soybean genotype 1. At 40 24 
days, mycorrhizal plants showed an increase in nodulation as compared with non-mycorrhizal ones, this effect 25 
was more evident in unimproved genotypes. Mycorrhizal dependency, evaluated as growth and biochemical 26 
parameters (chlorophyll, oxidative damage and antioxidant defenses) was significantly increased shortly in 27 
unimproved and improved genotype 2, whereas in genotype 1, MD increased at 40 days. These results show 28 
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variability in both mycorrhizal colonization and MD between unimproved and improved genotypes, 29 
suggesting that selection of soybean genotypes with good and rapid AM symbiosis could be a good strategy to 30 
improve yield in cropping systems.  31 
 32 
Keywords: Arbuscular mycorrhizal fungi . (AMF) Glomeromycota . oxidative stress . mycorrhizal 33 
dependency·. improved and unimproved genotypes 34 
 35 
Introduction 36 
Inoculation with arbuscular mycorrhizal fungi (AMF; phylum Glomeromycota)) is an interesting strategy for 37 
improving crop yields because AM symbiosis provides numerous services to crops (Gianinazzi et al. 2010), 38 
including efficient use of fertilizers and soil nutrients (Javaid 2009), protection against drought stress (Porcel 39 
and Ruiz-Lozano 2004; Porcel et al. 2007) and diseases (Liu et al. 2007), increased N-fixation in legumes 40 
(Barea and Azcón-Aguilar 1983; Haselwandter and Bowen 1996), and improved soil physical properties 41 
(Hallett et al. 2009). Since AMF are obligate biotrophs that require a host plant to complete their life cycle 42 
(Smith and Read 2008), the effectiveness of AM symbiosis is highly dependent on the host plant genotype 43 
(Singh et al. 2012). 44 
Different studies in crops indicate that there is genetic variability in AM colonization capacity among 45 
genotypes of host species (see Rengel 2002). Colonization by AMF of 13 wheat cultivars ranged from no 46 
infection to a high degree of infection (Azcon and Ocampo 1981). Specifically in soybean, Heckman and 47 
Angle (1987) reported variability in colonization in soybean roots by indigenous soil populations of AMF.  48 
The concept of mycorrhizal dependency (MD) was defined by Plenchette et al. (1983) as the degree 49 
of plant growth change associated with AM colonization. Many investigations reported variability in MD, 50 
with plant growth being either positively or negatively affected (Klironomos 2003; Tawaraya 2003). In durum 51 
wheat genotypes, the degree of benefit from AM symbiosis was not proportional to the extent of root 52 
colonization (Al-Karaki and Al-Raddad 1997). Different species of important crop cultivars, such as Glycine 53 
max, Vigna angularis, Senna tora, Hordeum vulgare, Zea mays, Sorghum bicolor, Allium tuberosum, 54 
Solanum melongena, and Capsicum annuum, showed different responses to AMF inoculation (Eo and Eom 55 
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2009). More recently, Singh et al. (2012) tested five cultivars of modern durum wheat (Triticum turgidum L. 56 
var. durum Desf.) germplasm, and observed variations from low to high levels of AM root colonization, with 57 
no relationship being observed between wheat productivity and AM root colonization level. 58 
Differences in MD were reported among wild, primitive and modern cultivated lines. Thus, MD 59 
showed variability in wheat of different ages (Kapulnik and Kushnir 1991; Zhu et al. 2001). The comparison 60 
of MD between modern T. aestivum cultivars and ancestors showed that cultivars released before 1950 had a 61 
higher MD than those released after 1950 (Hetrick et al. 1993), indicating that modern breeding programs 62 
might have reduced the responsiveness to AMF. More recently, Tawaraya (2003) reported mean MD values 63 
of 44% for field crops (37 species), 56% for forage crops (46 species), 70% for wild grasses and forbs (140 64 
species), 79% for trees (26 species), and 56% for all plants (250 species), indicating that cultivated plant 65 
species showed a lower MD than wild ones. However, this correlation between cultivar age and mycorrhizal 66 
responsiveness is not universal, Khalil et al. (1994) found that, while some unimproved varieties of maize 67 
were unresponsive to mycorrhizal infection, others exhibited a 400% growth increase. Also Khalil et al. 68 
(1994) reported that AM colonization and MD of unimproved soybean Glycine soja cultivars was higher than 69 
those of improved cultivars. 70 
In Argentina, despite the great economic importance of soybean crop, there is little information about 71 
its genotypic variability in mycorrhization. The objective of this study was to determine the existence of 72 
genetic variation in the compatibility of soybean plants with AMF. We compared unimproved and improved 73 
soybean cultivars, based on findings of variability in AMF colonization and MD reported by Khalil et al. 74 
(1994). Particularly, we tested a mixed native inoculum of AMF isolated from soybean roots. The 75 
development of the experimental system under controlled conditions allowed us to evaluate MD after short 76 
(20-day) and long (40-day) periods. Mycorrhizal dependency of soybean plants was determined by measuring 77 
growth and biochemical parameters related to oxidative stress regulation. We hypothesized that MD and 78 
mycorrhizal responsiveness to colonization of a mixed inoculum may differ between improved and 79 
unimproved soybean genotypes. The possible genetic variability among soybean cultivars might provide an 80 
opportunity to understand the mechanism underlying AM soybean colonization and to select for already 81 
colonized improved cultivars, which may be a useful strategy to manage soil AM resources. 82 
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 83 
Materials and methods 84 
Plant and fungal material 85 
The improved soybean genotypes used for this study were DM5048 and NA5009, characterized as susceptible 86 
and tolerant to drought stress, respectively, by Grumberg et al. (2015); hereafter, they are referred to as 87 
genotypes 1 and 2, respectively. Two wild soybean genotypes were also used, PI57440 (hereafter named 88 
genotype 3) and PI90768 (hereafter named genotype 4), belonging to INTA Marcos Juárez germplasm 89 
collection. The inoculum of AMF was obtained from soybean roots provided by EEA INTA Manfredi; the 90 
soybean crop was under a monoculture system. The inoculum was isolated and multiplied in pots using the 91 
plant-trap technique under greenhouse conditions, at 20-25 ºC, and watered daily with distilled water, for two 92 
years. After that period, the inoculum was propagated in pots containing soybean and Medicago sativa plants 93 
in a sterile sand/soil mix (1:1v/v).The spores were extracted from 100 gr of soil using different sieves (450-94 
105-75-30 µm), according to Gerdemann and Nicolson (1963), and by centrifugation in sacarose gradient 95 
(Walker et al. 1982). The spores were identified under a light microscope using the morpho-taxonomic 96 
criteria of the International Culture Collection of Arbuscular and Vesicular-Arbuscular Mycorrhizal Fungi 97 
(http://invam.caf.wvu.edu/). 98 
Plant fungus bioassays 99 
The AMF inoculation experiment was set up in a completely randomized 4 x 2 factorial design, with one 100 
inoculation treatment and one water regime: well-watered conditions. Four genotypes were used and two 101 
inoculation treatments were performed: a mock-inoculation control (C = non-AM) and treatment with mixed 102 
native AMF inoculum.  103 
Seeds of soybean genotypes were sterilized using 18% hypochlorite for 30 seconds. Then, two 104 
pregerminated seeds were introduced in pots containing a substrate consisting of sterile sand/soil mix (1:1). 105 
Seedlings were grown under controlled conditions in a chamber at 20–25 °C and watered daily with distilled 106 
water.  107 
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The mycorrhizal inoculum consisted of 8 g of soybean root fragments, spores and mycelia. Treated 108 
plants (hereafter referred to as AMF plants) were inoculated in the center of the pot; non-AMF plants 109 
treatments received the same amount of autoclaved inoculum. Before autoclaving, the inoculum was filtered 110 
with deionized water through a 37-µm sieve (Schleicher & Schuell, Germany). The filtrate was added to the 111 
non-AMF planting pots to provide them with the microbial populations accompanying the AMF, following 112 
Porcel and Ruiz Lozano (2004). The soil was watered with distilled water and maintained at normal moisture 113 
conditions until the end of the experiment. Samples of roots and aerial part were taken 20 and 40 days after 114 
treatment. The trials were repeated three times using 10 seedlings per genotype and per treatment. 115 
Mycorrhizal dependency (MD) was calculated as [(M-NM)/M] x 100, using different growth 116 
parameters of individual mycorrhizal plants (M) and mean of different parameters corresponding non-AM 117 
plants (NM) (Plenchette et al. 1983). Plant biomass was measured as shoot plant height (SPH) and shoot dry 118 
mass (SDM), after drying to constant weight in oven at 70ºC. Leaf area (LA) was estimated from the first 119 
trifoliate leaves, by tracing the leaflet outlines on paper, cutting out the paper and weighing the cutouts; those 120 
weights were compared with the weight of a known area of paper (1 cm
2
). 121 
In addition, MD was calculated using different biochemical characters of oxidative stress that were 122 
evaluated in 100 mg of the second trifoliate soybean leaves. Oxidative damage was measured as lipid 123 
peroxidation, estimated as the content of 2-thiobarbituric acid-reactive substances and expressed as 124 
equivalents of malondialdehyde (MDA), according to Hodges et al. (1999). Total chlorophyll (TCh) was 125 
estimated by extracting the leaf material in 80% ethanol after incubating at 80 ºC for 15 min. Absorbance was 126 
recorded at 665, 645 and 470 nm and TCh was calculated according to Arnon (1949). Antioxidant defences 127 
were evaluated as FRAP assay (Benzie and Strain 1996). The AMF structures in the roots were stained 128 
according to Phillips and Hayman (1970) and colonization was measured following McGonigle et al. (1990).  129 
 130 
Statistical analysis 131 
 Data of MD, calculated as [(M-NM)/M] x 100 and expressed as % relative to M treatments, were statistically 132 
analyzed using an analysis of variance (ANOVA). Differences among means were compared using DGC tests 133 
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(P≤ 0.05). All statistical analyses were performed using the InfoStat Professional version 2013. No data 134 
transformation was required because MD percentage in morphological traits and biochemical parameters were 135 
normally distributed.  136 
 137 
Results and discussion  138 
Morpho-taxonomic characterization of native mycorrhizal inoculum 139 
To our best knowledge, this is the first report on morphotaxonomic characterization of native mycorrhizal 140 
inoculum isolated from soybean roots. In mixed inoculum of AMF, Funneliformis mossae was the most 141 
abundant strain, with 427 spores per 100 g of soil, followed by Paraglomus occultum (147 spores), 142 
Diversispora spurca with 112 spores, Glomus sp. with 22 spores, and Acaulospora scrobiculata and 143 
Gigaspora sp., with only 7 and 3 spores, respectively (Fig. 1). Funneliformis mossae, the most abundant 144 
strain, corresponded to the taxonomic description of Glomus mosseae and was also identified under a light 145 
microscope using the morphotaxonomic criteria of the International Collection of Vesicular and Arbuscular 146 
Mycorrhizal Fungi (http://invam.caf.wvu.edu/). Interestingly, Funneliformis mosseae is one of the most 147 
important AMF, being broadly distributed worldwide; recently, Al-Qarawi et al. (2013) indicated this AMF 148 
species as the most frequently present in rangeland ecosystems, particularly from dry soils of Saudi Arabia.  149 
 150 
Variability of AMF colonization in improved and unimproved soybean genotypes 151 
Our results show variability in mycorrhizal colonization of soybean genotypes, but such variability was 152 
dependent on inoculation time. During the short (20-day) test period (Table 1), percentage of soybean roots 153 
colonized by AMF was similar for all the genotypes. However, at 40 days of treatment, unimproved soybean 154 
genotypes exhibited the highest percentage of AMF root colonization, followed by improved soybean 155 
genotype 2, whereas no increase in mycorrhizal colonization was detected in improved soybean genotype 1 156 
throughout the experiment. Accordingly, Heckman and Angle (1987) observed that cultivars of soybean 157 
Glycine max (L.) Merr were differentially colonized by indigenous soil populations of AMF. The cultivar 158 
colonized by the highest percentage was the nonnodulating isoline of Clark rj1 rj1 with 80% of root segments 159 
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examined being colonized, whereas 'WiIliams 82' exhibited the lowest percentage (57%) of AMF 160 
colonization. On the other hand, Khalil et al. (1994) reported  percentages of unimproved and improved 161 
soybean roots colonized by AMF ranging from 62 to 87%, with the highest colonization being detected in 162 
Glycine soja (average 84%). Accordingly, we observed that unimproved soybean was more heavily colonized 163 
(64-72%) than improved soybean (38-42%) (Table 1, 40 days); these results are consistent with the idea that 164 
breeding selection of germplasm under fertilized conditions may reduce the frequency of genes that promote 165 
mycorrhizal associations (Linderman and Davis 2001; Ellouze et al. 2016). 166 
Since our experimental system was developed under controlled conditions, we were able to identify 167 
mycorrhizal structures on two dates. Interestingly we observed variability in the arbuscule/hyphae ratio 168 
between soybean genotypes on the first observation date. Thus, at 20 days (Table 1), unimproved genotypes 169 
followed by improved genotype 2 had higher arbuscule content and higher arbuscule/hyphae ratio than 170 
improved genotype 1. Moreover, no arbuscule formation was detected in genotype 1on either date of 171 
observation. However, we observed the presence of coiled hyphae (data not shown), which was related to the 172 
control of nutrient transfer between symbionts without the presence of arbuscules (Smith et al. 2011).  173 
Moreover, at 40 days of treatment, AMF-treated plants showed the presence of nodules. These 174 
results support previous findings showing that the number and weight of nodules increased significantly in 175 
AMF-colonized Glycine max (Varma 1979); and in Medicago sativa inoculated with Glomus mossae (Barea 176 
et al. 1980). It is known that flavonoids exuded by legume seedlings may not only be stimulants for hyphal 177 
growth of the AM fungi but also nod-gene inducers (see Rengel 2002). Furthermore, Spagnoletti et al. (2012) 178 
observed a high number of AMF spores and entry points of extermal mycelum inside nodules of alfalfa roots, 179 
showing a close association between AMF and nodules. Interestingly, a higher number and diameter of 180 
nodules was observed in unimproved soybean genotypes than in improved ones (Table 2). To our knowledge, 181 
this is the first report about these differences. The fact that unimproved genotypes exhibited the highest 182 
number and size of nodules suggests a greater N2 biological fixing capacity than improved genotypes. 183 
Accordingly, Barea et al. (1980) reported an increase in N2 biological fixation in Medicago sativa plants that 184 
showed an increase in AM symbiosis with the presence of rhizobacteria and nodules.  185 
 186 
Mycorrhizal dependency in improved and unimproved soybean genotypes 187 
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Variablity in MD has been repeatedly reported in wheat after AMF colonization (Al-Karaki and Al-Raddad 188 
1997; Kapulnik and Kushnir 1991; Singh et al. 2012). In particular, MD was higher in unimproved Glycine 189 
soja cultivars than in improved cultivars (Khalil et al. 1994). In our work, we evaluated soybean genotype 190 
symbiosis on two dates, which allowed us to detect MD variability in growth parameters in these genotypes. 191 
Thus, on the first date of observation of AMF-treated plants (20 days), unimproved genotypes 3 and 4, and 192 
improved genotype 2 showed a significant increase in plant biomass, expressed as MD in SPH, SDM and LA. 193 
By contrast, improved genotype 1 showed a negative MD in plant biomass parameters as compared to the 194 
other genotypes (Fig. 1). This behaviour changed at 40 days after treatment because improved genotype 1 195 
showed a positive increase in MD, reaching, but not exceeding, similar MD values to those shown by the 196 
other genotypes after the short period (20 days) (Fig.1).  197 
Mycorrhizal dependency was often measured as dry weight (Plenchette 1983; Hetrick et al. 1992); in 198 
the present study, MD was also evaluated via biochemical parameters related to oxidative stress and 199 
antioxidant defenses. Oxidative stress is defined as the increase in reactive oxygen species (ROS). Under 200 
normal conditions, ROS are produced mainly at a low level in organelles such as chloroplasts, mitochondria 201 
and peroxisomes. However, under biotic and abiotic stress, rate of ROS production is dramatically elevated; 202 
producing toxicity phenomena in plants, with the subsequent reduction in crop yield (Miller et al. 2010). 203 
Here, oxidative damage was evaluated as MDA, which is often regarded as the product and an indicator of the 204 
degree of membrane lipid peroxidation. In our study, MD in both improved 2 and unimproved genotypes 4 205 
and 3 showed a negative MDA at 20 days, as compared to genotype 1 (Fig 5, 20 days). At 40 days, improved 206 
genotype 1 showed a negative percentage of MDA level, as the others soybean genotypes (Fig. 5, 40 days). 207 
Antioxidant defense was evaluated here as FRAP and TCh content. It is known that symbiosis with AMF 208 
stimulates chlorophyll synthesis (Auge et al. 2001), which has been related to an increase in photosynthetic 209 
metabolism in mycorrhyal plants (Gong et al. 2013). On the other hand, FRAP is an indirect measure of non-210 
enzyme antioxidant content; therefore, we were interested in evaluating FRAP because key antioxidants, such 211 
as glutathione and ascorbic acid, have been related to antioxidant defense in AMF plants (Ruiz Lozano 2003). 212 
Again, after the short period of treatment, unimproved genotypes 3 and 4, and improved genotype 2 showed a 213 
higher MD content, measured as TCh and FRAP, than improved genotype 1 (Fig. 3). However, after the long 214 
treatment period (40 days), MD expressed as FRAP and TCh content increased significantly in genotype 1, 215 
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reaching similar values to those shown by the other genotypes after the short period (20 days). The fact that 216 
MD, evaluated as MDA content, showed negative values in all soybean genotypes suggests that oxidative 217 
damage was under control in inoculated plants. Many investigations agree in that mycorrhizal plants can 218 
reduce oxidative damage (Zhu et al. 2011); in particular, previous experiments conducted by our research 219 
group showed that after treatment with paraquat, oxidative stress, evaluated as MDA foliar content, decreased 220 
in soybean mycorrhizal plants as compared with non-mycorhizal plants (Bressano et al. 2010) and under 221 
drought stress (Grumberg et al. 2015).This effect was correlated with an increase in FRAP and TCh content, 222 
suggesting the participation of non-enzymatic antioxidant defences. Interestingly, our results show that 223 
unimproved genotypes 3 and 4 followed by improved soybean genotype 2 were able to regulate oxidative 224 
damage over a short period, 20 days of treatment, indicating that oxidative damage regulation is a 225 
phenomenon closely associated with AMF symbiosis, with this association being stronger in unimproved 226 
soybean genotypes than in improved ones. 227 
Khalil et al. (1994; 1999) found that both MD and AM colonization increased in unimproved 228 
soybean genotypes, showing greater benefits from mycorrhizal symbiosis than modern cultivars. In our 229 
study, at the end of experiment and in agreement to Khalil et al. (1994; 1999), both unimproved genotypes 230 
exhibited a higher AM colonization as well as a higher arbuscule formation, an increase in nodules and a 231 
higher capacity of oxidative stress regulation than improved soybean genotype 1. 232 
However, at early time of experiment (20-day), AM colonization percentage was similar in all 233 
genotypes, whereas responses to MD were different, with unimproved genotype 4 exhibiting the highest MD 234 
and improved genotype 1 showing the lowest MD level. Singh et al. (2012) indicated that MD alone is not an 235 
appropriate breeding target because the yield of a variety dependent on AMF may be vulnerable to conditions 236 
of inhibited or limited soil AM fungal resources. Accordingly, our results show that improved genotype 1 237 
even increased MD at the end of assay, showing a slower and lower MD response after the short period than 238 
unimproved genotypes 3 and 4 and improved genotype 2. These genotypes had early responses to arbuscule 239 
formation and enhanced MD, suggesting that they could overcome the AM-deficient soils and still be 240 
productive, independently of AM symbiosis. In agreement with this idea, preliminary results found by our 241 
research group show that, after being exposed to early drought stress, both unimproved and improved 242 
genotype 2 had better capacity to tolerate stress than improved genotype 1 (data not shown). We propose that 243 
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the high presence of arbuscular structures in unimproved soybean cultivars could be related to their early 244 
increase in MD. The presence of arbuscules seems to be critical for simbiotic function and has been 245 
associated with increased metabolic activity in mycorrhizal plants, since arbuscules may facilitate 246 
bidirectional exchange of nutrients between plants and the fungus (Smith and Smith 2011). Recently, Park et 247 
al. (2015) demonstrated that a transcription factor, RAM1, regulates at least two genes required for enabling 248 
arbuscule branching and is related to different levels of arbuscular colonization and productive symbiosis. 249 
Also, Park et al. (2015) suggest that transcript levels of RAM1 are modulated by DELLA activity, providing 250 
information about the transcription factors through which DELLAs act to enable development of arbuscules. 251 
We suggest that the different ratio of arbuscule/hyphae between improved and unimproved soybean 252 
genotypes may be associated with different RAM1 activation.  253 
 254 
Conclusion 255 
Our findings suggest genetic variation in compatibility with mixed native of AMF inoculum between 256 
unimproved and improved soybean genotypes. Differences in MD between unimproved and improved 257 
soybean genotypes may help to elucidate the different mechanisms responsible for this compatibility and 258 
different physiological indices could be used as indicators of genetic improvement in mycorrhizal soybean 259 
genotypes. Moreover, selection of improved soybean genotypes with good and rapid AMF colonization and 260 
high arbuscule/hyphae ratio appears as a useful strategy for the development of varieties that optimize AMF 261 
contribution to cropping systems.  262 
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Fig. 1: Taxonomic identification of AMF spores of a mixed native AMF inoculum, isolated from soybean roots 
under a monoculture system.  
134x99mm (96 x 96 DPI)  
 
 
Page 15 of 20
https://mc06.manuscriptcentral.com/cjm-pubs
Canadian Journal of Microbiology
Draft
  
 
 
Fig. 2: Effects of inoculation with a mixed native AMF inoculum on growth parameters in soybean plants. 
MD: mycorrhyzal dependency; 1 and 2: improved genotypes; 3 and 4: unimproved genotypes. Results were 
obtained at 20 and 40 days under well-watered conditions.Treatments labeled with different letters indicate 
significant differences (p<0.05).  
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Fig. 3: Effects of inoculation with a mixed native AMF inoculum on total chlorophyll concentration in soybean 
plants. MD: mycorrhyzal dependency; 1 and 2: improved genotypes; 3 and 4: unimproved genotypes. 
Results were obtained at 20 and 40 days under well-watered conditions.Treatments labeled with different 
letters indicate significant differences (p<0.05).  
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Fig. 4: Effects of inoculation with a mixed native AMF inoculum on antioxidant activity in soybean plants. 
MD: mycorrhyzal dependency; 1 and 2: improved genotypes; 3 and 4: unimproved genotypes. Results were 
obtained at 20 and 40 days under well-watered conditions.Treatments labeled with different letters indicate 
significant differences (p<0.05).  
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Fig. 5: Effects of inoculation with a mixed native AMF inoculum on Malondialdehyde concentration in soybean 
plants. MD: mycorrhyzal dependency; 1 and 2: improved genotypes; 3 and 4: unimproved genotypes. 
Results were obtained at 20 and 40 days under well-watered conditions.Treatments labeled with different 
letters indicate significant differences (p<0.05).  
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Table 1. Arbuscular mycorrhizal fungus (AMF) colonization of roots in improved and unimproved soybean 
genotypes. (1 and 2: improved genotypes, 3 and 4: unimproved genotypes). Results were obtained at 20 and 
40 days under well-watered conditions.  
Genotypes Time (days) Root colonization 
(%)  
Root colonization 
(%) by hyphae 
Root colonization 
(%) by vesicles 
Root colonization 
(%) by arbuscules 
1 20 
40 
36 a 
38 b 
88 a 
73 b 
12 a 
27 b 
- 
- 
 
2 20 
40 
22 c 
42 d 
60 c 
56 d 
4 c 
4 c 
36 a 
40 b 
 
3 20 
40 
39 b 
64 f 
24 e 
21 f 
18 d 
16 e 
58 c 
63 d 
 
4 20 
40 
22 c 
72 g 
51 g 
40 h 
3 f 
3 f 
46 e 
57 c 
 
The same letter within each column indicates no significant difference among treatments (p<0.05). 
 
 
Table 2. Number and total weight of nodules in improved and unimproved soybean genotypes. NM (non-
mycorrhizal plants); M (mycorrhizal plants); 1 and 2: improved genotypes, 3 and 4: unimproved genotypes. 
Results were obtained at 40 days under well-watered conditions.   
 
Genotypes     
             
          N° of nodules/plant 
            
               Total Weight (g) 
 
1 NM 
 
12 a 
 
0,6 a 
 
1 M 
 
18 b 
 
1,00 a 
 
2 NM 
 
13 a 
 
0,6 a 
 
2 M 
 
23 c 
 
1,3 a 
 
3 NM 
 
17 d 
 
0,8 a 
 
3 M 
 
28 e 
 
2,1 b 
 
4 NM 
 
18 d 
 
0,8 a 
 
4 M 
 
30 e 
 
2,3 b 
 
The same letter within each column indicates no significant difference among treatments (p<0.05). 
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